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(54) Electroluminescent device 

(57) An etectroluminescent device comprising: a 
first charge-carrier injecting layer for injecting positive 
charge-carriers; a second charge-carrier injecting layer 
for injecting negative charge-carriers; a layer of a first 
organic material located between the charge-carrier 
injecting layers; and located between the layer of a first 
organic material and one of the charge-earner Injecting 
layers: a first light-emissive region comprising a light- 
emissive second organic material having an energy-gap 
less than that of the first organic material; and a second 
light-emissive region comprising a first component of a 



light-emissive third organic material having an energy- 
gap greater than that of the first organic material, and a 
second component having at least one energy level off- 
set from that of the first component; such that when 
charge-carriers are injected in the first region t>y the 
charge-carrier injecting layers light is emitted principally 
from the secorKl organic material and when charge-car- 
riers are injected in the second region by the charge- 
carrier injecting layers light is emitted principally from 
tiie third organic material. 
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Description 

[0001] This invention relates to electroluminescent devices, especially those that have a conjugated polymer as a 
light-emitting layer. 

5 [0002] One type of electroluminescent device is described in PCT/W09a/13148, the contents of which are incorpo- 
rated herein by reference. The basic structure of this device is a light-emitting polymer film (for instance a film of a 
poly(p-phenyleneviny1ene) - "PPV") sandwiched between two electrodes, one of which injects electrons and the other 
of which injects holes. It is believed that the electrons and holes excite the polymer fflm, emitting photons. These 
devices are useful as flat panel displays, in which case one of the electrodes is transparent - for example being made 

10 of indium-tin oxide CnO"). 

[0003] Numerous structures have been developed in which there are two or more organic layers between the elec- 
trodes. f=br example. EP 0 653 149 discloses devices having several organic light-emissive semiconductor polymer lay- 
ers, each of a different band-gap. In these devices all of the light-emissive layers emit significanfly when the device is 
in use. This malces it conrplex to precisely tailor the output of such a device precisely. 

16 [0004] In other devices the organic layer between the electrodes is formed as a Wend of a light-emitting organic mate- 
rial with anotfier material, such as polyvinylcart)azole f PVIC). (See. for example, J Wdo et al.. Appl. Phys. Lett 67 
(1995) 2281). Trap states in the PVK can be used to help localise charge-carriers and excited states and thereby sup- 
press diffusion of these states and energy transfer to lower energy sites within the PVK/emitter blend or to an adjacent 
layer. 

20 [0005] Organic light emitting materials have potential for multi-colour displays, for example witii each pixel of the dis- 
play having red-, green- and blue-emitting sub-pixels. However, manufacturing such a display in which each sub-pixel 
emits light as an individual electroluminescent device has been ttiought to require optimisation of the charge-injecting 
layers for each colour. This would be very complex. Therefore, one solution has been to provide a single electrolumi- 
nescent layer (e.g. a blue-emitting layer) which can initiate light emission for each sub-pixel. The sub-pixels tf^t are 

2S required to emit light of the other colours (ag. red and green) are provided with fluorescent layers of those colours, 
located outside the charge-injecting layers of the device, to convert emissions from the electroluminescent layer by 
at>sorbing and reemitting photons. (See, for example. C Hosokawa et al., 49tti Annual Conference of tiie Society for 
Imaging Science and Technology, May 1996. Minneapolis, p388). This approach reduces tiie overall efficiency of the 
device. 

30 [0006] According to one aspect of the present invention there is provided an electroluminescent device comprising: 
a first charge-carrier injecting layer for injecting positive charge-can-iers; a second charge-canier injecting layer for 
irijecting negative charge-carriers; a layer of a first organic material located between the charge-canier injecting layers; 
and located between tiie layer of a first organic material and one of the charge-carrier injecting layers: a first light-emis- 
sive region comprising a light-emissive second organic material having an energy^gap less than that of the first organic 

36 material; and a second light-emissive region comprising a first component of a light-emissive tiiird organic material hav- 
ing an energy-gap greater than that of the first organic material, and a second component having at least one energy 
level off-set from that of the first component; such that when charge-carriers are injected in the first region by tiie 
charge-canier injecting layers light is emitted principally from the second organic material and when charge-carriers are 
irijected in the second region by tiie charge-canier Injecting layers light is emitted principally from the tiiird organic 

40 material. ' 

[0007] TTie or each energy level may be a conduction band (lumo) energy level and/or a valence band (homo) energy 
level and/or an additional energy level, such as a trap state, within tiie band gap. 

[0008] Preferably the said one of the charge-injecting layers is the first dwge-injecting layer and ttie otiier of the 
charge-Injecting layers is the second charge-injecting layer. 
45 [0009] The first charge-can-ier injecting layer is preferably formed of a transparent material. The first charge-carrier 
ir^ecting layer is preferat>ly conductive, most preferak)ly a conductive oxide such as ITO. 

[001 01 The second cfiarge-carrier injecting layer is preferat^ly formed of a low wori^-f unction metal or alloy. The metal 
or alloy preferably has a worit function of less tiian 3.5eV, most preferably less than 3eV. The layer preferably comprises 
calcium and/or lithium. The layer is suitably deposited by evaporation or sputtering, most preferably DC magnetron 
60 sputtering. 

[001 1 ] The first organic material is suitably a partially or fully corijugated material. It is preferably a polymer, and most 
preferably a semiconductive conjugated polymer such as PPV, which could be derived from a precursor route. The first 
organic material is preferably a light-emissive material, being capable of emitting light by means of, for example, mole- 
cules, oligomers or polymers. 

55 [OOlSq The term "conjugated" indicates a polymer for which the main chain is eittier fully conjugated, possessing 
extended pi molecular orit)ital& along the length of the chain, or is substantially conjugated, but with interruptions to con- 
jugation at various positions, either random or regular, along tiie main chain. It Includes wittiin its scope homopolymers 
and copolymers. 
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[001 3] The composition of the secorEnight-emlssive region, suitably together with the thickneseCifected for the layer 
of a first organic material, preferably acts to suppress (and most preferably to suppress essentially) light emission from 
the layer of a first organic material. This approach suitably allows the same layer of a first organic material, and prefer- 
ably also the same charge-carrier injecting layer, to overly the first and second light-emissive regions without signifi- 
5 cantly compromising the emission colours of the first and second light-emissive regions. 

[0014] The thickness of the layer of a first organic material is suitably less than 500A and preferably less than or 
around 200A. 

[001 5] The layer of a first organic material preferably abuts one of the charge-carrier injecting layers, suitably that fbr 
injecting negative charge-carriers. 
10 [001 6] The layer of a first organic material may also be amenable to sputter deposition, most preferably being resistant 
to degradation during a sputter deposition operation - for example during sputter deposition of a subsequent and/or 
adjacent layer. The layer of a first organic material is preferably capable of acting as a sputter protection layer for 
another layer of the device. For example, the layer of a first organk; material may serve to protect the material of one or 
both of the first and second light-emissive regtons from damage during sputter depositkm of one of the charge-carrier 
16 injecting layers, suitably the one (if any) that abuts the layer of a first organic matericU. 

[0017] Thus, according to the present invention from a second aspect there is provkied a method for producing an 
electroluminescent device, comprising the steps of: depositing a first charge-carrier injecting layer for injecting positive 
charge-carriers; depositing a first light-emissive region comprising a light-emissive first organic material ; and deporting 
a second light-emissive regton comprising a first component of a light-emissive second organic material, and a second 
20 component having eA least one energy level off-set from that of the first component; depositing a layer of a third organic 
material resistant to degradation during a sputter depositton process and having an energy gap greater than that of the 
first organic material and less than that of the second organic material; and depositing a second charge-carrier injecting 
layer for injecting negative charge-carriers; to provkie a devk;e such that when charge-carriers are injected in the first 
region by the charge-carrier injecting layers light is emitted principally from the first organic material and when charge- 
rs carriers are injected in the second region by the charge-carrier injecting layers light is emitted principally from the sec- 
ond organk; material. Preferably the second charge-carrier injecting layer is deposited by sputter deposition. An alter- 
native is vapour deposition. 

[001 8] In the second aspect of the invention the first organic material corresponds to the second organic nriaterial of 
the first aspect of the invention, the second organic material corresponds to the third organic material of the first aspect 
30 of the invention and the third organic material corresponds to the first organk; material of the first aspect of the invention. 
For consistency the terminology of the first aspect of the invention will be used in tiiis description but it shoukj be under- 
stood that (where appropriate) the features that are described apply correspondingly to the second aspect of the inven- 
tion. 

[0019] In the second light-missive regkyi the first oonponent and the secord component are suitably mixed or 
36 blended. The components may be two emissive materials of different energy gaps. The second light emissive regton 
may suitably comprise one of tiie folkiwing: 

poly(2,5-dihepryl-1,4-phenylene-alt-2,5-thienyiene) 



40 




46 



in poly(2,5<liheptyl-2*,5*-dipentoxy-bphenylene) (see Synthetic Metals 75 (1995) p223) 



66 



60 
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a blend of different poly-thiophenes having different energy gaps, including, for example, poly(3-cyclohexyl-4- 
methyl-thiophene) (see Nature 372 (1994) p444) 



10 



IS - 



so 



a blend of soluble polyphenylene derivatives having different energy gaps, such 

s alkyi- and alkoxy-polyphenylenes; - a blend of two or more of the following materials: polyvinylcait>azole ("PVIC) 
(or an equivalent material) 



2B 



polyftuorene 



30 



3S 



40 



poly(2-alkoxy-p-phenylene) 



45 



SO 



poly(2,5-diheptoxy-1 ,4-pheny1ene) (see Japanese Journal of Applied Physics 34 (1994) pL587) 




poly(3-cyciohexyl-4-methyl-thiophene) 



ss 
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6' 



a material such as poly(1,8-octanedioxy-2.6Kjimethoxy-1.4iJheiTylene-1,2-ethenylene-1^ 
3,5-dimethoxy-1 .4-phenyiene) (see Journal cf Applied Physics 75 (1 993) p3584) 



oligomers or polymers. The second and/or third organic material is preferably partially or fully conjugated, it is prefera- 
bly a polymer and most preferably a conjugated polymer. 

[0020] Materials suitable for the third organic material include polyphenylene derivatives, polyfluorene derivatives, a 
material such as pdy(1,8-octanedioxy-2,6<Jimethoxy-1.4-phenylene0.2-ethenylene-1,4i3henylene-1,2-ethen^^ 
3,5-dimethQxy-1 ,4-phenylene), a material such as poly(2.5-diheptyl-1 .4-phenyl6ne-alt-2,5-thienylene). thiophene deriv- 
atives and PPV-type polymers, especially PPV-type polymers with broken conjugation (e.g. a segmented or meta-linked 
system). 

[0021 ] Materials suitable for the second organic material include soluble di-alkoxy derivatives of PPV. 
[0022] Preferably most or substantially all of the light emitted from the second light-emissive region is emitted from 
the first component. Preferably the third orgsmic material is emissive at relatively short visible wavelengths, for example 
blue. Preferably the second organic material is emissive at relatively long visible wavelengths, for exanple red. Prefer- 
ably the first organic material is emissive at an intermediate visible wavelength, for example green. Alternatively the first 
organic material could be non-light-emissivB. 

[0023] TTie second component may also comprise a light-emissive material. The second component preferably has 
a wider band gap than the first component. The second component preferably comprises a charge transporting and/or 
charge localising material. 

[0024] At least part of one or both of the first and second light-emissive regions preferably lies within 500A of one of 
the charge-can'ier injecting layers, preferably the said other of the charge-carrier injecting layers. 
[0025] Tlie device may also comprise a third light-emissive region, comprising a fourth organic material, located 
between the layer of a first organic material and the said one of the charge-carrier injecting layers. The fourth organic 
material preferably has an energy gap between those of the second organic material and the third organic material. The 
third light-emissive region may be integral with the layer of a first organic material, in which case the first organic mate- 
rial and the fourth organic material are preferably the same. 




DPVBi, a distyrylarylene derivative, (see Appl. Phys. Lett. 67 (1995) p3853) 




and a spiro-linked oligo-phenyl (see Ber. Bunsenges. Phy& Chem. 100 (1996) p1667) such as 
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[00261 The device may also comprise a further organic layer, suitably located between the first charge-carrier injecting 
layer and one or both of the first and second light-emissive regions. The further organic layer may comprise a conduc- 
tive polymer, for example polyaniline, polypyrrole, a derivative of polythiophene or (most preferak3ly) polystyrene sui- 
phonic acid doped polyethylene dioxythiophene ("PEDT-PSS"). The further organic layer could comprise a molecular or 

5 polymeric charge transport material. 

[0027] The first emissive region arxi/or the second emissive region and/or the thiid emissive region are preferably lay- 
ers. The first region, the second region and the third region are preferat)ly in the same plane in the device structure. The 
first region and/or the second region and/or the third region preferably ak>ut the layer of a first organic material, suitably 
across the whole of one of their major surfaces. The first region and the second region are preferably spaced apart by 

10 a zone of the first organic material and/or by the third region. The first, second and third regions preferably do not over- 
lap in the device structure. The first region and/or the second region and/or the third region are preferably patterned, by 
any suitable method (e.g. photolithography or ink-jet printing). One or both off the charge-injecting layers is preferably 
patterned to allow the first second and third regions to be individually addressed for ch£u^e-carrier injection. 
[0028] The device is preferatHy a multi-colour display device, preferably a three-colour display device and most pref- 

IS erably a red. green and blue emissive display device. 

[0029] The present invention will now be described by way of example with reference to the accompanying drawings, 
In which: 

figure 1 shows a cross-section of an electroluminescent device; and 
20 figure 2 shows a cross-section off a multi-oolour electroluminescent device. 

[0030] Rgure 1 shows an electroluminescent device having a glass sheet 1 which carries an anode layer 2 for inject- 
ing positive charge-carriers, an organic layer 3. an organic layer 4, an organic layer 5 and a cathode 6. Tlie organic layer 
3 is formed of PEDT-PSS. The organic layer 4 is a blend of PVK blended with a polyftuorene as a blue li£|ht-emissive 
SB material. The organic layer 5 is a layer of PPV (green). The anode is formed off ITO and the cathode of an alloy of alu- 
minium and lithium. 

[0031] To manufacture the device the layers 1 and 2 are provided in the form of a commercially available ITO coated 
glass substrate, with an ITO resistivity of 1 5 Ohm/squara 

[0032] After suitable cleaning the ITO is then coated with the layer 3 of PEDT-PSS. The PEDT-PSS mixture (see EP 
30 0 686 662 and Bayer AQ*s Provisional Product Information Sheet for Trial Product Al 4071) is of "EL" grade supplied by 
Bayer AG. It is filtered and then deposited by spin coating on to the ITO layer at 2000rpm for 60s. yielding a layer roughly 
50nm thick. The PEDT-PSS layer is then purged in a nitrogen atmosphere for 1 hour, heated for 1 hour at 100**C in a 
nitrogen atmosphere and then alkswed to cool. 

[0033] The layer 4 Is then deposited. The pdyfluorene light-emissive component: poly(7,7-diheptyl fluorene). in tetra- 
35 chtoroethane solvent, is blended with PVK In tetrachloroethane solvent to give a 2% w/v solution with a 20% w/W/ con- 
tent of the polyf luorene in PVK. TTiis blend is spin-coated over the PEDT-PSS layer at 1 lOOrpm for SOs. ^eUing a layer 
approximately lOOnm thick 

[0034] The layer 5 is formed by using a roughly 0.5w/v% solution of a precursor to an acetate PPV copolymer spun 
at 2000rpm for 60s to yield a 15±5nm thickness film. This is purged for 1 hour In a nitrogen atmosphere and then con- 
40 verted fbr 4 hours at 150*^0 in a nitrogen atmosphere. The precursor polymer and the resulting PPV copolymer are 
described in more detail in PCT/GB97A)2038. 

[0035] Finally the cathode 6 is deposited by DC magnetron sputtering from an Al:lj sputter target During the sputter- 
ing process the layer 5 protects the sensitive layer 4 from damage. 
[0036] The device is then encapsulated for environmental protection. 

45 [0037] The device can be tested by applying a voltage of 1 2 to 1 5V between the anode and the cathode. The energy 
levels of the two components of the organic layer 3 are off-set and the energy-gap of the green PPV is less than that of 
the blue emitter. Therefore, it would normally be expected that emission of light wouk:l principally be from the lower 
band-gap PPV. However, when the voltage is applied across the device, light (of a blue-white colour) is emitted princi- 
pally from the blue emitter. There Is virtually no light emission from the lower band-gap material. The through-current at 

so an applied voltage of 1 2 to 15V is approximately 1 0 to 1 5 mA/cm^. 

[0038] Two possible explanations for this have been proposed. First, it has been found that photoluminescence and 
electroluminescence can be quenched significantly in the vicinity of metallic conductors, especially within distances of 
less than 200 to 500A. Since the PPV layer is within this distance from the metallic cathode this effect may prevent it 
from emitting (see H Becker et al. Phys. Ref. B. 56 (1997) p1893). Another potential explanation is that trap states in 

ss the PVK inhibit the leaking of exdtons to the PPV. Because the excited states are retained in the PVK-oontaining layer 
the emission from the PPV Is low. 

[0039] Some alternative emkxxiiments of the device will now be described. 

[0040] In one alternative embodiment generally the same process steps are followed but, instead of the polyfluorene 
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as the light-emissive materia! in the layer 4. methoxy substituted distyryl benzene with Cs flexible spacer (poly(1.8- 
octanedioxy-2,6-dimethoxy-1 ,4-phenylene-1 .2-etheny!ene-1 .4-phenylene-1 ,2-ethenylene-3,5-dimethoxy-1 .4-phe- 
nylene)) is used. 

[0041 1 In suitable circumstances the PEDT-PSS layer could be omitted, provided the resulting device had the required 
5 stability and currentA/oltage performance. 

[0042] The cathode could be made of other metals or alloys, especially ones having a low work function, for example, 
calcium. 

[0043] Figure 2 shows an enttxxiiment suitable for use as part of a multi-colour display device, in which like compo- 
nents are numbered as for figure 1 . This embodiment uses the principle described above to provide an improved and 

10 simplified structure Ibr a nvlti-colour device. In the embodiment of figure 2 there are additional red 7 and green 8 emis- 
sive regions and the cathode 6 Is patterned to allow the emissive regions 4, 7 and 8 to be individually addressed. In 
practice it is often necessary to pattern the anode too. The devtoe is manufactured as for the one described above, but 
with the additional red region 7 (which could be of a soluble di-alkoxy PPV derivative) and the green region 8 (which 
could be of the same material as the layer 5). When the red region 7 is addressed the emitted light is red: the red regk>n 

16 can emit from lower energy states than the overlying green region. When the blue region 4 is addressed the emitted 
light is blue, according to the principle described above. When the green region is addressed the emitted light is green: 
it does not matter whether this is emitted from layer 8 or the layer 5. indeed the layers 8 and 5 could be rnerged and not 
distinct Obviously. addHkniat colours and/or colours other than red. green and blue could be provkJed. 
[0044] The present invention may Include any feature or combination of features disclosed herein eithier implicitly or 

20 explicitly or any generalisation thereof irrespective of whether it relates to the presently claimed inventk)n. In view of the 
foregoing description it will be evkient to a person skilled in the art that various modifications may be made within the 
scope of the invention. 

Claims 

25 

1. An electroluminescent devtoe comprising: 

a first charge-carrier Injecting layer for injecting positive charge-carriers; 
a second charge-carrier injecting layer for injecting negative charge-carriers; 
30 a layer of a first organic material located between the charge-carrier injecting layers; and 

located between the layer of a first organic material and one of the charge-carrier injecting layers: 

a first light-emissive region comprising a light-emissive second organic material having an energy-gap less 

than that of the first organic material; and 

a second light-missive region comprising a first component of a light-emissive third organic material having £ui 
36 energy-gap greater than that of the first organic material, and a second component having at least one energy 

level off-set from tiiat of the first component; 

such that when charge-carriers are injected in the first region by the charge-carrier injecting layers light is emit- 
ted principally from the second organic material and when charge-carriers are injected in the seoorxl regkMi by 
the charge-carrier injecting layers light is emitted prindpally from the third organic material. 

40 

2. An electroluminescent device as claimed in claim 1 , wherein the first organic material is an at least partially corru- 
gated material. 

3. An electroluminescent device as claimed in claim 1 or 2. wherein the first organic material is a polymer. 

46 

4. An electroluminescent device as claimed in any preceding daim. wherein the first organic material is a light-emis- 
sive material. 

5. An electroluminescent device as claimed in any preceding daim, wlierein the first organic material comprises 
60 poly(|>-phenylenevinylene). 

6. An electroluminescent device as claimed in any preceding claim, wherein the layer of a first organic nurterial is 
resistant to degradation during a sputter deposition process. 

55 7. An electroluminescent device as claimed in any preceding daim, wherein the saxd one of the charge-injectirrg lay- 
ers is the first charge-injecting layer. 

8. An electrduminescent device as claimed in any preceding daim, wherein the layer of a first organic material abuts 
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9. An electroluminescent device as claimed In any claim 8, wherein the said other off the charge-can'ier injecting layers 
is a sputter-deposited layer. 

10. An electroluminescent device as claimed in any preceding claim, wherein the third organic material is an at least 
partially conjugated material. 

11. An electroluminescent device as claimed in any preceding daim, wherein the third organic material is a polymer. 

12. An electroluminescent device as claimed in any preceding daim. wherein the second component comprises a 
charge transporting and/or charge localising material. 

13. An electroluminescent device as claimed in any preceding daim, wherein the f irst organic material is a green-light- 
emissive material. 

14. An electroluminescent device as claimed in any preceding daim. wherein the second organic material is a red-light- 
emissive material. 

15. An electroluminescent device as daimed in any preceding daim, wherein the third organic material is a Islue-light- 

emissive material. 

16. An electroluminescent device as daimed in any preceding claim, vtrtierein the second component comprises a light- 
emissive material. 

1 7. An electroluminescent device as daimed in any preceding claim, wherein light emission from the first organic mate- 
ri€U is essentially suppressed. 

18. An electroluminescent device as daimed in any preceding daim, wherein the first light-emissive region at)uts the 
layer of a first organic material. 

19. An electrduminescent device as claimed in any preceding daim. wherein the second light-emissive region abuts 
the layer of a first organic material. 

20. An electroluminescent device as claimed in any preceding claim, wherein the secorxJ charge-carrier injecting layer 
is a metal or alloy having a work function less than 3.5eV. 

21. An electroluminescent device as daimed in any preceding daim, wherein the thickness of the layer of a first organic 
material is less than 500A. 

22. An electroluminescent device as daimed in claim 21, wherein the second light-emissive region is located within 
500A from the said one of the charge-Injecting layers. 

23. An electroluminescent device as daimed in any preceding daim, wherein a further layer comprising a conductive 
polymer Is located between the other of the charge-carrier injecting layers and the first light emissive region. 

24. A method for producing an electroluminescent device, comprising the steps of: 

depositing a first charge-carrier injecting layer for injecting positive charge-cairiers; 
depositing a first light-emissive region comprising a light-emissive first organic material; and 
depositing a second light-missive region comprising a first component of a light-missive second organic mate- 
rial, and a second component having at least one energy level off -set from that of the first component; 
depositing a layer of a third organic material resistant to degradation during a sputter deposition process and 
having an energy gap greater than that of the first organic material and less than that off the second organic 
material; and 

depositing a second charge-carrier injeding layer for injecting negative charge-carriers; 

to provide a device such that when charge-carriers are injected in the first region by the charge-carrier injecting 

layers light is emitted principally from the first organic material and when charge-carriers are injeded in the 
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second region by the charge^carrier injecting layers light ie emitted principally from the second organic mate- 
rial. 

25. A method as claimed in claim 24. wherein the second charge-carrier injecting layer is deposited by sputtering. 

5 

26. A method as claimed in darm 25, wherein the second charge-carrier Injecting layer is deposited by DC magnetron 
sputtering. 

10 
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